In order to determine the electrical conductivity of the eggs, a conductivity cell was used such as would fit the holder of a small hand centrifuge. The tube was about 10 em. long and 1 em. in diameter. The electrodes were two square platinum plates each possessing two equal surfaces of 25 sq. mm. These were fixed about 25 mm. apart and were carried by two silver wires which passed through glass tubes, and which were fixed through the stopper of the tube.
In some of the earlier experiments the volume of the eggs in the tube was determined by marking their level with a fine pointed grease pencil,. but in all the later experiments the tube was ,graduated.
'This form of conductivity cell has two advantages-it fits into the holder of an ordinary centrifuge, and the volume of eggs required is smalL The latter point is of great importance, quite apart from the difficulty in obtaining large quantities of ripe Echinus eggs. If too many eggs are enclosed within a tube, it is not only impossible to ensure a good percentage of fertilizations by adding a small quantity of sperm, but the overcrowding of the eggs interferes very considerably with the development of the eggs subsequent to fertilization, i.e. the rate of division differs very considerably from that of similar eggs in a large bulk of water; in extreme cases the development ceases at an early stage. In all my. experiments, except where specially mentioned to the contrary, the eggs developed normally, although in some cases more slowly than the controls.
The temperature at which the experiments were made never differed much from room temperature, so that it was found possible to keep the temperature of the eggs constant to within T\/ centigrade by means of a simple thermostat. The whole apparatus stood in a large earthenware bowl containing water at room temperature.
The alternating current was obtained from a 2-volt accumulator connected to a small induction coil of high frequency. The resistance was measured by means of a Kohlrausch bridge (half a metre in length), and a telephone. The electrodes were platinized in the usual way by means of platinic chloride with a trace of lead acetate. The induction coil was placed outside the room in which the experiments were made, and by keeping the electrodes well platinized it was possible to obtain quite distinct minimal points with an ordinary telephone.
METHODS.
The procedure adopted during the whole of the experiments was as follows: The ovaries of a perfectly ripe female were shaken in one or more finger-bowls containing" outside" water. The ovaries were removed after five or ten minutes, and the sea-water containing the eggs filtered through a suitable piece of bolting silk. In this way any loose pieces of ovarian tissue were removed from the eggs. The latter were now allowed to settle to the bottom of the bowl. The ripe eggs settled somewhat slowly, but after a short time sufficient eggs for one experiment could be drawn off in a clean pipette; thence they were transferred to the conductivity tube. The requisite amount of eggs having been so obtained, the tube was filled up with clean sea-water, corked and allowed to stand in a bowl of sea-water until the eggs had again settled sufficiently for the bulk of the sea~water to be removed. This having been done, the eggs were again washed in clean sea-water. After two or three such washings all the small fragments of tissue smaller than the eggs were removed, and the tube contained nothing but ripe egg:;;in clean seawater. After washing in this way the eggs settled somewhat more readily than when removed from the ovary, owing to the removal of the gelatinous ovarian membranes. The conductivity tube containing the eggs was then transferred to the thermostat and left until the eggs had settled to a definite volume which could be estimated without any difficulty. Great care was used to ensure that the eggs settled uniformly J. GRAY.
in the tube; if this precaution is not observed it will be found that repeated estimations of the resistance of the same eggs occupying the same voiume give very variable results. It was found possible, however, to collect the eggs in such a way as to obtain uniform readings from repeated observations. To ensure an equal distribution of the eggs is a matter of great difficulty in the case of experiments dealing with resistances below 20 ohms; above this, however, the difficulty can be overcome by patience and repeated washings of the eggs.
The volilme of the eggs having been accurately determined by means of the graduation on the tube, some of the sea-water was removed from the tube and the electrodes placed in position and the resistance of the eggs determined.
The electrodes were then removed and the tube filled with fresh seawater (care being taken not to remove any eggs with the el~ctrodes).* One or two drops of a dilute emulsion of sperm were then added and the tube inverted so as to distribute the eggs equally through the sea-water. After a minute the tube was allowed to stand in the water of the thermostat, until the eggs had again settled to the bottom of the tube. It was usually found that the fertilized eggs occupied a larger volume than the same eggs unfertilized; in such cases the tube was transferred to a hand centrifugearid 'verygentlycentrifugedto the required volume.
The excess of sea-water was again drawn off and the electrodes placed in position and the resistance of the egg determined. The use of the centrifuge was avoided as far as possible for fear of injuring the eggs; it was found, however, that gentle use of the machine had no effect on the resistance of unfertilized eggs; or upon the subsequent development of fertilized eggs. If, however, the unfertilized eggs were so compacted as to require rather vigorous use of the centrifuge, the experiment was discontinued after the estimation of the resistance of the fertilized eggs. Such eggs were usually found to be crushed although not broken, and when returned to abundant sea-water the large majority developed normally.t
After each estimation. of the resistance of the eggs, the conductivity tube was filled with fresh sea-water and immersed horizontally in seawater whose temperature never differed from that of the thermostat by more than 10 C.
Objections may be raised against the conclusion that the observed differences in resistance of eggs at different stages of development are * When not actually in use the electrodes were kept immersed in clean sea-water.
t These remarks apply to eggs which gave a resistance of 70 ohms and upwards.
ELECTRICAL CO~DUCTIVITY OF FERTILIZED AND UNFERTILIZED EGGS. 53. due to the direct effects of fertilization. The following alternative suggestions might be offered ;-' 1. That the changes are due to the injurious effect of the current upon the eggs. For this, however, evidence is entirely unavailable, Eggs upon which definite and prolonged experiments had been made on June 18th were transferred to a bowl of clean sea-water, all the eggs divided normally, and all gave healthy larvre. Some of these early plutei were: placed in a sterilized jar and fed with a pure diatom culture; on July 11th the plutei were large and healthy. They had developed at a normal rate, and a definite Echinus rudiment was visible. Several such observations of the development of eggswhose resistance had been measured were kept, and in each case the development was perfectly healthy and normal. * It is therefore, I think, safe to conclude that the eggs !Vereunaffected by the passage of the current used in these experiments. , 2. That the changes are due to experimental error in returning the eggs to the same volume. To determine the degree of error due to such a source, I made successive det!3rminations on the resistance of the same lot of unfertilized eggs. I found that the variation of the readings never exceeded 2% of the total resistance (in many cases successive readings were identical). Now such a difference might perhaps explain experiments in which the total resistance is below 20 ohms, but is quite inadequate for the much larger differences, which were regularly observed for eggs compacted to give higher resistances.
3. That the decrease in resistance of the eggs subsequent to fertilization is due to the presence of the fertilization membrane and not to the substance of the egg itself. It cannot, however, be suggested that the spaces between the egg are enlarged by the membrane, for the unfertilized eggs are not crushed during the experiments, and any crushing undergone by the fertilized eggs is at the expense of the membrane and not of the egg. If the eggs are clos81ycompacted after fertilization it is almost invariably found that either the membranes are much wrinkled or are removed entirely from the egg on the addition of fresh sea-water. Again, during the course of the experiments it was found that thefertilization membranes in some batches of eggs were never pushed far out from the egg, but * In the case of Echinus ?niliaris plutei, which according to Shearer, De Morgan and Fuchs fail to develop their green pigment if unhealthy, my cultures invariably possessed this character and were, in the opin'ion of Dr. Shearer, perfectly healthy. (Most of the cultures were discarded as soon as the Echinus rudiment had reached considerable size, but in two cultures which were preserved the larvre underwent perfectly typical metamorphosis-a little more than a month after fertilization, which is in agreement with the rate of development of the egg under normal conditions.) l'emained rather closely applied to the egg-surface; in such cases the resistance of the fertilized eggs was, as in other cases, markedly lower than that of the unfertilized eggs. It was also found that eggs from which the fertilization membrane had been forcibly removed developed quite normally. Now Loeb has shown that the fertilization membrane is permeable to electrolytes, and I therefore conclude from the above facts that the presence of a membrane round the eggs is equivalent to a similar quantity of sea-water, and that when the eggs are reduced to the same volume as before fertilization, the distance between the eggs is identical.
The fact that after the initial fall in resistance of the eggs after fertilization there is a definite and well-marked ri.se in resistance, eliminates the suggestion that the changes observed are due to the presence of a fertilization membrane. Again, in a few cases (i.e. in experiments dealing with high resistances) a considerable number of the membranes are removed from the egg whilst determining the resistance of the fertilized eggs, so that when sea-water is added the membranes are found floating in it. If the eggs are not allowed to settle at once they are found still to have a resistance equal to the value obtained by the first determination after fertilization.
4. That the observed differences are due to the existence of free spermatozoa between the eggs. This is not the case, because (1) the addition of as much sperm as was used in any of these experiments does not alter the conductivity of a bulk of water equal to that of the eggs; (2) the conductivity of a concentrated emulsion of sperm is considerably lower than that of pure sea-water.
(NoTE.-McClendon states that by repeatedly washing the unfertilized eggs of Arbacia he was able to prevent the formation of a fertilization membrane when the sperm entered the egg. I have never observed this in the eggs of EcMnus, but prolonged washing tends to prevent the membranes being pushed out to their normal extent.) 
